This study determined the physicochemical parameters, microbial properties and heavy metal speciation of groundwater in major towns of Ife North Local Government, Area of Osun State, Nigeria, with a view to evaluating the safety of groundwater. Water samples were collected during the dry season (December, 2015 to February, 2016 and wet season (May to July, 2016). A total of 72 samples were collected for the 6 months. Physicochemical parameters were determined in situ while total coliform count was done by membrane filtration techniques. The sequential extraction procedure was used to fractionate the metals (As, Pb, Cd, Cr, Cu, Mn, Ni and Zn) in the water samples. The concentrations of the metals were quantitatively determined using Atomic Absorption Spectrophotometer (AAS, PG 990 Series). The results of the physicochemical parameters of water showed that the pH (6.22-9.93), electrical conductivity (126.02-606.65 µs cm −1 ), total dissolved solids (78.37-705.31 mg L −1 ), oxidation reduction potential (303.44-330.17 mV) and temperature (25.83-28.93 °C) were within the limit stipulated for drinking and domestic water. The bacterial flora identified includes Escherichia coli, Yersinra spp, Entrerbacter spp, Citrobacter spp, Seirantia spp, Klebsella spp and Rhebrella spp. The metal speciation revealed free metal ions had the highest concentration with the order free metal ions > suspended particles > bound to organic substances. The study concluded that the groundwaters of the studied area were polluted with microorganisms and the investigated heavy metal, require treatment and monitoring to safeguard human health.
Introduction
The use of groundwater as source of water for life substance in several parts of the world cannot be over emphasized. Globally, groundwater constitutes about one-third of all freshwater resources and accounts for about 90% of accessible freshwater [1, 2] . Many countries depend on groundwater as source of drinking water [3] [4] [5] . In Europe, the use of groundwater ranges from Thirteen percent in Norway to hundred percent (100%) in Denmark, Austria and Lithuania [6, 7] . Majority of the countries globally depends on groundwater as a source of drinking water. In United States, sixty-five percent of the water use for drinking purposes come from groundwater. About seventy percent (70%) of the drinking water in Berlin, Germany is obtained from bank filtration and aquifers recharge [7] .
There is reason behind the use of groundwater as drinking water source. In aquifers, the living constituents, principally microorganisms, make available the ecosystem services for the water cleansing and storage at high quality for long period of time [8, 9] . Meanwhile, groundwater in the recent time faces rising in coercion from anthropogenic impacts [10] , which includes contamination with pathogenic microbes and viruses [11] . Thus, there is a steady and possibly increasing danger for human health from impure groundwater [12] .
Groundwater pollution happens when pollutants are allowed to get to the ground and make their way down into groundwater. It can also occur naturally due to the presence of unwanted constituent and contaminant in the groundwater. Polluted groundwater could result to health hazards through poisoning or spread of disease. Different mechanisms are responsible for the transportation of pollutants, e.g., diffusion, adsorption, precipitation and decay in the ground. Apart from microbial contaminants, several work on the physico-chemical properties, heavy metals and trace organic content of ground water have been documented [13] [14] [15] . In a related study, the total heavy metal content of ground water in Ife North local government area of Osun State Nigeria was investigated and reported by Oluyemi et al. [16] . However, the study did not explore the specie form of the heavy metals which describes their composition, forms of association with the environment for uptake, ionic types, concentration in a given matrix, and consequent health risk to man. Also, a study on the level of polyaromatic hydrocarbons levels in the ground water within the local government have recently been reported [17] .
Motivation to the present study was predicated on the increasing population growth in the last decade within the towns and villages in the local government area. The major means of living is trading and agricultural practices.
Also, the major source of water for most domestic activities is ground water. Thus, the objectives of this study are to assess the pollution status of the groundwater of the area with respect to microbial level, heavy metal species form, the physical parameters of the ground water and the health implications of such parameters on humans. This work is novel since to the best of our knowledge, there has been no study on microbial status or the species form of the metals in the ground water of the studied area. The specie form of the metals is key to their availability for uptake and toxicity to human system.
Materials and Methods

Study Area
The study was conducted in Moro (M), Edun-Abon (E), Yakoyo (Y) and Ipetumodu (I) towns in Ife North local government area of Osun state. The headquarters is located in the town of Ipetumodu in the north of the area at latitudes 07°31.00′-07°51.66′N, and longitudes 004°7.00′-004°45.00′E. It has an area of 889 km 2 and a population of 153,694 at the 2006 census [17] . The study area lies within 7°31.133′N, 004°26.470′E and 07°32.359′N, 004°27.581′E. The co-ordinate of the sampling points and map of the study area are shown in Table 1 and Fig. 1 respectively. Ile-Ife has an undulating terrain underlain by metamorphic rocks and characterized by two types of soils, deep clay soils on the upper slopes and sandy soils on the lower parts [18] . The main activities of people in the area are trading and agricultural practices. The town is also characterized 
Water Sampling
Groundwater samples were collected on seasonal basis comprising of 3 months for both the dry season (December 2016 and January-February 2017) and the wet season (May, June, July 2017) respectively. The samples were obtained from wells in Moro (M), Edun-Abon (E), Yakoyo (Y) and Ipetumodu (I) towns of Ife North Local Government Area of Osun State. Each town was divided into three zones and a composite water sample was taken from five selected wells within each of the zones on monthly basis leading to a total of twelve (12) samples per month for the four towns. Thus, 36 samples were collected for the 3 months in the dry seasons (December-February) and 36 samples collected for the 3 months in the wet seasons (May-July). Therefore, a total of seventy-two (72) groundwater samples were collected for both wet and dry seasons and the samples were collected in pre-treated bottles [17] .
Physicochemical Study
The samples collected were analyzed for well depth, temperature, pH, total dissolved solid and oxidation reduction potential. The physicochemical parameters were done in situ using calibrated water instrument analyzer (Ultra meter II™ 6Psi serial 620769, USA). 
Microbial Study: Total Coliform Determination and Identification of Coliforms
A standard total coliform count was performed by the membrane filtration technique. Suspensions from positive tubes were subcultured onto MacConkey Agar and incubated at 37 °C for 24-48 h. The resulting colonies were identified following standard methods [19] . A 50 mL portion of the water sample was passed through a 0.45-rim membrane filter paper. The filter paper was then removed and aseptically placed onto a sterile dispensable petri dish (60 by 15 mm) containing 20 mL Endo agar LES (Difco Laboratories). Endo agar plates were examined, and the number of coliform colonies was counted after 24 h of incubation at 35 °C. The results were expressed as total coliforms per 100 mL of water. A standard multiple tube fermentation technique was employed for the identification of coliform colonies in the ground water samples [20] . Bottle containing the water sample was aseptically opened and 10 mL of the water sample was dispensed into three (3) of the test tubes containing the double strength MacConkey broth medium, 1 mL into three (3) test tubes containing single strength broth, while 0.1 mL was dispensed into another set of three (3) test tubes containing single strength broth. The inoculated broths were then incubated at 37 °C for 24-48 h to check for acid and gas production. Sterile inoculating loop was used to pick a loopful from a positive presumptive tube which was streaked across the surface of MacConkey agar. The petri dishes were then incubated at 37 °C for 24 h. District colonies were then stocked for further biochemical test.
Preparation of Samples for Heavy Metal Speciation Study Using Sequential Extraction Method
Sequential extraction is an analytical process that chemically leaches metals out of soil, sediment and sludge samples. The purpose of sequential "selective" extraction is to mimic the release of the selective metals into solution under various environmental conditions. Similar procedures had been adapted for heavy metals species form in water samples as reported by Tokaliogliu et al. [21] . Information on the different species form/phases of the heavy metals in water will help in ascertaining their potential availability to the body and impact on human health. The method of Tokaliogliu et al. [21] was used to obtain the three fractions namely; metals in suspended particles, metals bound to organic substances and free metal ions. The Amberlite XAD-16 resins (BDH, USA) were ground to enlarge the sorption surface and sieved to 60-80 mesh. It was washed successively with methanol, water, 1 M HNO 3 in acetone, water, 1 M NaOH and water. A 400 mg of Amberlite XAD-16 resin suspension was slurry-packed into a glass column (10 mm i.d × 100 mm length) fitted with a glass wool. Before the use, the column was preconditioned with 5-10 mL portions of blank solution (distilled water).
Metals in Suspended Particles (F1)
A 0.45 µm nucleopore membrane filter paper (47 mm diameter) was used to filter the water samples. The membrane filters, loaded with the suspended particles, were dissolved in concentrated HNO 3 , centrifuged, evaporated to near dryness and then collected in a volume of 2 mL with 2 M HNO 3 .
Metals Bound to Humic Substances (F2)
The filtrates obtained from metal in suspended particle (F1) above were passed through the adsorbent column packed with Amberlite XAD-16 resin at a flow rate of 2.0-2.5 mL min −1 . The effluent was reserved in order to determine the free metal ions. The metal bound to humic substances was then eluted with 1 M HCl in acetone.
Free Metal Ions
A 2 mL solution of sodium tetraborate Na 2 B4O 7 reagent (BDH Chemical Ltd, Poole, England) was added to the eluent obtained from metal bound to humic substance fraction. It was then passed through the Amberlite XAD-16 resin in the column. The trace metals adsorbed on the resin were eluted with 1 M HCl in acetone. The residue was dissolved in 0.7 mL of 2 M HNO 3.
Heavy Metal Analysis by AAS Technique
The analysis for the heavy metals Arsenic (As), chromium (Cr), cadmium (Cd), nickel (Ni), zinc (Zn), copper (Cu), lead (Pb) and Manganese (Mn) was done by Perkin Elmer AAS PG 990 Series) Flame Atomic Absorption Spectrophotometer. The calibration curves were prepared separately for all the metals by running different concentrations of standard solutions. A reagent blank sample was taken through the method, analyzed and subtracted from the samples to correct for reagent impurities and other sources of errors from the environment. Average values of three replicates were taken for each determination. A 15 mL water sample was put into a Teflon beaker. This was spiked with 5 mL of 10 µg mL −1 of metals (As 2+ , Pb 2+ , Mn 2+ , Ni 2+ , Cd 2+ , Cu 2+ , Cr 2+ and Zn 2+ ) and digested. The digested spiked sample was made up to the mark in a 25 mL volumetric flask with doubly distilled water and the metal concentration in the spiked and unspiked samples determined using AAS. Triplicate analysis was also carried out to further check the reproducibility of the methods used in this study. Calculation of percentage recovery (%R) was done based on the relationship: where A 1 is the heavy metal concentration in spiked water sample, A 2 is the heavy metal concentration in unspiked water sample and D is the concentration of standard solution used for spiking.
Exposure and Risk Assessment
To estimate daily exposure of an individual, USEPA suggests the lifetime average daily dose (LADD) as the exposure metric. The following equation is a similar representation of daily exposure route modified from Chrowtoswski [22] and adopted by Kavacar et al. [23] .
where CDI is the chronic daily intake (mg kg −1 day −1 ), C is the drinking water contaminant concentration (mg L −1 ), DI is the average intake rate of drinking water (l day −1 ); 3.7 L for male and 2.7 L for female and BW is the body weight in (kg) i.e., 65 kg.
The hazard quotient (HQ) is calculated using the following equation [23, 24] .
where RfD is the reference dose (mg kg −1 day −1 ). RfD values used in this study were obtained from USEPA IRIS, 2010 [25] .
Health risk assessment of the metals was interpreted based on the values of HQ and THI. Values less than 1 (HQ or THI < 1) means no risk. The greater the level of the metals manifesting long term, the health hazard effects increasing.
Hazardous Index (HI)
To estimate the risk to human health through more than one heavy metal (HM), the hazard index (HI) has been developed. The hazard index is the sum of the hazard quotients for all heavy metals which was calculated by the equation below [26] .
It assumes that the magnitude of the adverse effect will be proportional to the sum of multiple metal exposures.
THI = ∑ HQ = HQ As ± HQ Cd ± HQ Cr ± HQ Cu ± HQ Mn ± HQ Ni ± HQ Pb ± HQ Zn .
Statistical Method Used
Analyses of variance (ANOVA), correlation and cluster statistical analysis methods was used to interpret and determine the relationships existing among the results of the heavy metals analyzed. One-way parametric analysis of variance (ANOVA) was used to compare the levels of significant difference between heavy metals in the ground water during wet and the dry seasons. Correlation and cluster analyses provide information on the interactions and sources of the heavy metals in the groundwater.
Results and Discussion
Validation of Analytical Procedures Adopted
The reliability of the analytical procedures adopted in this study was tested in terms of sensitivity, recovery, precision and accuracy. Under the experimental conditions used, percentage recoveries of the heavy metals are: As (89.80%), Pb (81.60%), Cd (86.60%), Cr (93.80%), Mn (92.60%), Ni (88.60%), Cu (85.70%) and Zn (98.10%) respectively. The percentage recovery values for the metals fall within the acceptable limits of 70-120% by United State Environmental Protection Agency, and that the procedure adopted was very effective and reliable.
The Physical Parameters of the Groundwater Quality
The results of the monthly mean values of the physical parameters of the groundwater in dry and wet seasons are presented in Figs. 2 and 3. Values obtained were compared with that of World Health Organization [27] , and Standard Organization of Nigeria [28] guideline values for drinking water.
pH
The pH mean values of the groundwater for the dry season ranged from 6.22 ± 0.67 to 7.74 ± 0.04 and 6.73 ± 0.38 to 9.93 ± 1.29 for the wet season. The highest mean pH value of 9.93 ± 1.29 in wet season for sampling site at Ipetumodu (I3) (Fig. 2 ) could be attributed to leaching of organic and inorganic matter of the topsoil to the groundwater bed and the mineral content of each soil that dissolves into the water [29] . This could make the water unsafe for drinking. Also, the total mean pH values of 7.31 ± 0.41 and 7.43 ± 0.32 were obtained for the water samples in the dry and wet seasons, respectively. However, the mean pH value for dry and wet seasons were closer, and within the standard values for drinking water (6.50-8.50) [27, 28] . The pH values obtained in this study agreed closely with 5.9-7.5 reported by Shafiu et al. [30] , who studied the effect of well depth on physicochemical variation in neighboring villages of River Niger and Benue in Lokoja, Kogi State, Nigeria. Thus, considering the pH values obtained for the water samples, the groundwater analysed in this work are considered safe for domestic purposes. Though pH as a physicochemical property is not enough to ascertain the safety of water for domestic purposes.
Temperature
The water samples temperature ranged from 25.83 ± 3.03 °C to 28.02 ± 0.79 °C in the dry season ( Fig. 2 ) and from 27.19 ± 0.00 °C to 28.93 ± 1.30 °C in the wet season. The total means value of 27. 18 ± 0.68 °C and 27.98 ± 0.62 °C were obtained for the sites in the dry and wet seasons, respectively. There was generally similar trend in the temperature results for both seasons. The results compared favourably with mean value 27.93 °C reported by Kawa et al. [31] . Also, the result obtained in present study is akin to the mean value of 26.16 °C and 26.50 °C in dry and wet seasons reported by John et al. [32] . The metabolic rates of most groundwater organisms are controlled by temperature. The rate of metabolism is faster in warm water, therefore, more food and oxygen is required which leads to the release of more wastes into the groundwater. This renders the water unsafe for domestic uses. Consumption of such polluted groundwater could cause cholera, gastroenteritis and diarrhea diseases [33] .
Electrical Conductivity
Conductivity of water is a test for quick determination of mineralization of raw and treated waters [34] . Demineralised water is not good for drinking purposes as such water lacks bone and teeth building minerals [35, 36] .
The electrical conductivity (EC) values of the groundwater ranged from 126.02 ± 15.72 µs cm −1 to 556.03 ± 106.60 µs cm −1 in dry season and from 149.88 ± 16.92 µs cm −1 to 606.65 ± 57.91 µs cm −1 in the wet season. During the dry season, the lowest EC value 126.02 µs cm −1 was obtained from sampling site at Moro (M1) and highest value of 556.03 µs cm −1 at sampling site M3 also at Moro (Fig. 3 ). The total mean value of EC in all the sites for the dry season was 336.60 ± 123.98 µs cm −1 while that of the wet season was 377.95 µs cm −1 .
Generally, EC values in the groundwater samples studied were below the maximum permissible standard of 1000 µs cm −1 set for drinking water [27, 28] . Therefore, the groundwater in the studied communities could be used for domestic activities such as drinking. The EC results obtained in this study were within the range 47.4-1398 µs cm −1 reported by Shafiu et al. [30] for the dry and wet seasons of groundwater in neighboring villages of River Niger and Benue in Lokoja, Kogi State, Nigeria. Furthermore, the EC results obtained in this study were also lower compared to range 196.0 µs cm −1 to 1389.0 µs cm −1 reported by Husam et al. [37] in the groundwater of south west, Palestine.
Higher EC values observed in this study in some sites during wet season compared to dry season might partly be due to percolation of water through the soil pores water seepage from surface water and streams into the groundwater bed during rainfall, which increases the volume of groundwater and allows the movement of more ions thereby increasing the EC of groundwater. 
Total Dissolved Solids (TDS)
The total dissolved solids (TDS) content of the water samples ranged from 78.37 ± 9.66 mg L −1 to 705.31 ± 36.91 mg L −1 in the dry season and 93.76 ± 11.30 mg L −1 to 702.83 ± 26.69 mg L −1 in the wet season ( Fig. 3 ). In the dry season, the lowest TDS value of 78.37 ± 9.66 mg L −1 was obtained from sampling site M1 at Moro while the highest value of 705.31 ± 36.91 mg L −1 at sampling site I1 in Ipetumodu. Similar trend was observed for the groundwater EC for the wet season. The large difference in the values of TDS in these towns could be due to the mineral content of each soil that dissolves into the groundwater and levels of anthropogenic activities in the areas. Also, the total mean values of 344.68 ± 202.74 mg L −1 and 345. 58 ± 191 .84 mg L −1 were obtained for all the dry and wet seasons samples, respectively. The average TDS values are very close and have been attributed to increase in groundwater volume which favours more dissolution and transportation of metal ions during the wet season or increase in temperature in the dry season that led to increasing dissolution or solubility of suspended solids minerals in the water body.
The TDS results obtained in this study are within the acceptable limit of 1000 mg L −1 for domestic use [27] . Total dissolved solids level greater than 1000 mg L −1 in drinking water decreases the aesthetic value of the water and make it unpalatable to taste [27] . The TDS level in the water samples compared favourably with that reported by Husam et al. [37] who recorded TDS value range of 112.0 mg L −1 to 791.0 mg L −1 in groundwater of south west, Palestine.
Oxidation Reduction Potential (ORP)
Oxidation Reduction Potential (ORP) or Redox Potential (E h ) is a measurement of water's ability to oxidize or reduce contaminants; it is the activity or strength of oxidizers or reducer in relation to their concentration. The result of ORP values for the groundwater is presented in Fig. 3 . The ORP values for the dry season ranged from 309.11 ± 28.65 mV to 330.61 ± 11.35 mV while that of the wet season ranged from 303.44 ± 7.07 mV to 305.44 ± 6.19 mV. The highest mean value of 330.61 mV in the dry season was obtained from Moro (M2) sampling site and this had been attributed to the large quantity of water infiltration into the ground water which increases the rate at which cations and anions exchange electrons within the groundwater. The total mean value of ORP in the dry season was 315.32 ± 6.95 mV while that of the wet season was 304.73 ± 0.62 mV. The mean values of ORP obtained in both wet and dry seasons did not vary widely from one and others. For healthy water, ORP levels must be high, between 300 mV and 500 mV [38] . When the ORP value of water is low, toxicity of certain metals and contaminants can increase and there are lots of dead and decaying materials in the water that cannot decompose or clear [39] . Thus, the water samples from the groundwater in the towns investigated can be considered safe for drinking and other domestic purposes provided they satisfied limits of other parameters for safe and healthy water.
Depth
The measured depth of the groundwater ranged from 3.04 ± 0.41 m to 4.93 ± 0.36 m in dry season and from 1.57 ± 1.29 m to 4.27 ± 0.53 m in the wet season. The highest values of 4.93 and 4.27 m were obtained at sampling site M1 at Moro for the dry and wet seasons, respectively. The total mean values of 4.10 ± 0.59 m and 2.80 ± 0.62 m were recorded for all the sites in both dry and wet seasons.
Generally, there was increase in the depth of the groundwater in the dry season and this might be due to reduction in groundwater replenishing (recharged) by precipitation, which result in decline in water stored in aquifer. Groundwater table rises due to increase in groundwater storage from sources such as infiltration of rainfall, recharge due to stream seepage, canal surface flow [40] . Water level declines may affect the environment for plants and animals. For example, plants in the riparian zone that grow because of the proximity of the water to the land surface may not survive as the depth to water increases. Also, the longer the polluted water travels through the soil or ground (aquifer) formation the better (cleaner) it becomes [41] . The depths obtained in this study were comparable to 3.04-4.93 m and 1.57-4.27 m in dry and wet seasons, respectively reported by Okoro et al. [42] in the study carried out on assessment of heavy metals contamination in groundwater: a case study of central industrial district in Ilorin, Kwara State, Nigeria. The quality of groundwater sources is affected by the characteristics of the media through which the water passes to the groundwater zone of saturation [43] .
Microbial Analysis of Groundwater
The microbiological parameters which include coliform counts, bacterial, are presented in Table 2 .
The total coliform count of the water samples ranged from three (3) at Yakoyo (Y3) in January to 1100 MPN (Most Probable Number) to Too Numerous to Count (TNTC) per 100 mL water samples. This indicated that wells from the sampling sites have high loads of total coliform counts of over 1100 MPN per 100 mL. The total coliform count for all the water samples from all the sampling sites exceeded the recommended standard of EPA and WHO of usable water which should be zero (0) total coliform count per 100 mL [27] . The presence of these microbial contaminants in well water could be attributed to inappropriate location of the wells, e.g., closeness to road sides or toilets, uncovered wells, washing clothes or household materials (utensils) by well sides, use of unclean materials to collect or fetch water from the wells, lack of well lining, shallowness of wells and improper well construction, discharged from septic tanks, natural soil and plant bacteria.
A total of seven (7) strains of bacteria were isolated from the groundwater collected in wet and dry seasons.
As shown in Table 2 , the bacteria include: Escherichia coli, Yersinra spp, Enterbacter spp, Citrobacter spp, Seirantia spp, Klebrella spp and Rhebsiella spp. Most of the sites were found to be contaminated with Escherichia coli and Citrobacter spp suggesting that the wells were contaminated with high loads of pathogens.
The bacterial population of the groundwater could be attributed to the proximity of the wells to waste dump sites, toilets, lack of well lining, uncovered wells in some cases, shallowness of wells and improper well construction. Continuous use of the groundwater in this study area without proper treatment of the bacteria could cause health illness such as nausea, vomiting, diarrhea, abdominal pain, vapidity and headache.
Results of Heavy Metals Speciation of the Groundwater Samples
The results of the overall mean concentration of heavy metals speciation of the groundwater samples from Moro, Edunabon, Yakoyo and Ipetumodu Area of Ife North Local Government of Osun State are presented in Tables 3 and 4 while the mean concentration of the metal species in different Fractions of the Groundwater for the different sampling sites are presented in Supplementary Tables 1-8 . In the wet season, As concentration in the fractions follow the order: free metal ions (0.26 ± 0.06 µg mL −1 ) > metal in suspended particles (0.20 ± 0.09 µg mL −1 ) > metals bound to organic substances (0.18 ± 0.07 µg mL −1 ). Similarly, in the dry season, the concentration of As follows the order: Metal in suspended particles (0.42 ± 0.03 µg mL −1 ) ≥ free metal ions (0.42 ± 0.1 µg mL −1 ) > metal bound to organic substances (0.37 ± 0.11 µg mL −1 ). The results are higher than 0.001 mg L −1 required level of As in drinking waters by World Health Organization, 1993 [44] . Interestingly the value obtained in this study is higher than As concentration M1  93  39  TNTC  9  TNTC  M2  9  TNTC  TNTC  TNTC  1100  M3  4  1100  > 210  9  TNTC  E1  TNTC  TNTC  TNTC  460  TNTC  E2  460  TNTC  TNTC  TNTC  TNTC  E3  7  TNTC  1100  TNTC  TNTC  Y1  -TNTC  TNTC  1100  4  Y2  TNTC  TNTC  TNTC  1100  TNTC  Y3  3  1100  TNTC  9  1100  I1  TNTC  TNTC  TNTC  > 120  TNTC  I2  15  460  TNTC  > 210  1100  I3  TNTC  TNTC  210  TNTC 
(0.02-0.51 mg L −1 ) reported in well (ground) waters of Zaria, Nigeria [45] . Therefore, the high As concentration in the groundwater could also be attributed to soil minerals or geological composition of the sites investigated. Groundwater may get contaminated using arsenical pesticides, natural mineral deposits or inappropriate disposal of arsenical chemicals which found their way to the groundwater by leaching, erosion and run-off through the soil pores when rainy in the wet season [46] . The higher concentrations of As in free metal ions fraction in the wet and dry seasons suggest that the metal would be readily available for uptake by plants and animals when the groundwater is used for domestic, agricultural or industrial purposes. Therefore, the use of this groundwater for potable purposes could pose health risk such as delay in physical and mental development in children, kidney problems and high blood pressure in adults [47] . However, the lowest As concentration (0.35 ± 0.00 µg mL −1 ) was obtained in Moro (site M3) during the wet season while the highest concentration (1.61 ± 0.20 µg mL −1 ) was recorded in Ipetumodu (at site I3) (Supplementary Table 1 ). The level of Cd in the fractions (wet season) follow the order: free metal ions (2.49 ± 1.34 µg mL −1 ) > suspended particles (2.22 ± 1.33 µg mL −1 ) > bound to organic substances (2.14 ± 1.17 µg mL −1 ).In the dry season, Cd concentration follows the order: free metal ions (2.42 ± 0.92 µg mL −1 ) > suspended particles (2.14 ± 1.21 µg mL −1 ) > bound to organic substances (2.04 ± 1.07 µg mL −1 ). It suggests that Cd in free metal ions form appeared to be most available among the three fractions. The availability of Cd in free metal ion form implies that Cd could easily be taken up by plants, animals or humans who uses the groundwater either for domestic, agricultural or industrial purposes. However by comparison, the total levels of Cd obtained in the present study (6.85 ± 3.84 µg mL −1 ) was higher than the values of 0.98 ± 0.67 µg mL −1 reported by Oluyemi et al. [16] in groundwater of the studied area, and also higher than the 0.001-0.081 mg L −1 reported by Momodu and Anyakora [48] in the study conducted on heavy metal contamination of groundwater: the Surulere case study. This could probably be due to increasing human activities such as application of pesticides during agricultural practices and other anthropogenic activities.
Furthermore, the total levels of Cd recorded in this study were higher than the World Health Organization and United States Environmental Protection Agency maximum allowable level of Cd in drinking water of 0.003 mg L −1 [49] and 0.005 mg L −1 [50] . The presence of high Cd in the groundwater cannot be explained at the moment but can be attributed to wear and tear of automobile tyres [51] , careless disposal of Cd containing substances such as rechargeable batteries and corrosion of Cd alloy, e.g., special alloys production that found their way into the groundwater through run-off, erosion etc. [51] .
Also, the heightened levels of Cd in the groundwater samples could be as a result of its long-term anthropogenic inputs from contaminated sites and corroded utensils used for fetching water from the wells. The effect of Cd in the body system include; excessive salivation, nausea, vomiting, diarrhea, abdominal pain, and for large doses loss of consciousness [52, 53] . Other effects of Cd in man are kidney damage [54] , endocrine disruption [55] . Cadmium also has mutagenic, carcinogenic and teratogenic effect [56] .
In the wet season, the level of Cr in the fractions follow the order: bound to organic substances (1.00 ± 0.44 µg mL −1 ) > as free metal ions (0.87 ± 0.36 µg mL −1 ) > in suspended particles (0.58 ± 0.28 µg mL −1 ). In the dry season, the levels of the metal follow the order: suspended particles (1.05 ± 0.50 µg mL −1 ) > bound to organic substance (0.91 ± 0.40 µg mL −1 ) > free metal ions (0.85 ± 0.27 µg mL −1 ). High level of Cr in metal bound to organic substance fraction in the wet season could be attributed to the high retention power of organic substances such as humic and fulvic acids. The levels of Cr obtained in this study were higher than 0.05 mg L −1 permissible limit recommended for drinking water by WHO, 1993 [44] and EPA, 2002 [57] but lower compared to the ranged 0.08-28.60 µg mL −1 reported by Husam et al. [37] in groundwater of south west, Palestine.
Long term exposure to Cr by human could result to stress in the cell causing damage to DNA and proteins [58] . Cr(VI) is categorized as a group 1 human carcinogen by the International Agency for Research on Cancer [59, 60] . The presence of excess Cr beyond the permissible limit is destructive to plants and severally affects the biological factors in the plants which include reduction in root growth, leaf chlorosis, inhibition of seed germination and depressed biomass [61] . The lowest total level of the metal (1.15 ± 0.00 µg mL −1 ) was obtained in sampling site M3 at Moro, while the highest total level of 3.88 ± 0.75 was observed in M2 (Moro), also in the dry season (Supplementary Table 3 ).
The level of Cu in the wet season follows the order: suspended particles = bound to organic substances (0.55 ± 0.23 µg mL −1 ) > free metal ions (0.60 ± 0.25 µg mL −1 ); why in the dry season, the order is: suspended particles (0.83 ± 0.12 µg mL −1 ) > as free metal ions (0.75 ± 0.09 µg mL −1 ) > bound to organic substances (0.79 ± 0.17 µg mL −1 ). The World Health Organization and European Commission limit of Cu in drinking water is 2.0 mg L −1 [49, 62] . The results from the groundwater samples in wet season were below this set limit except for the values of 2.66 ± 1.47 µg mL −1 and 2.88 ± 1.67 µg mL −1 obtained at sampling sites E2 and E3 both in Edun-Abon ( Supplementary Table 4 ). Generally, the levels Cu obtained in the dry season exceeded the required limit of Cu level in water as stipulated by WHO and EC. The concentration of Cu obtained during the wet and the dry season, respectively in this study are higher compared to 0.84 µg mL −1 reported in some heavy metals in polluted well water and mercury accumulation in broiler organs [63] .
The manganese (Mn) level in the wet season follows the order: free metal ions (0.39 ± 0.09 µg mL −1 ) > suspended particles (0.31 ± 0.11 µg mL −1 ) > bound to organic substances (0.27 ± 0.09 µg mL −1 ). The metal levels in the fraction for the dry season follow the order: free metal ions (0.65 ± 0.19 µg mL −1 ) > suspended particles (0.54 ± 0.11 µg mL −1 ) > bound to organic substances (0.50 ± 0.09 µg mL −1 ).
In both seasons, the highest level of Mn was found in free metal ions fraction suggesting its easy availability for uptake by the user (plants and animals) of the groundwater. The higher concentration in the dry season could be due to the reduction in water level. The Mn levels in the groundwater samples studied were above the maximum permissible limit of 0.15 mg L −1 set for drinking water [57] . The result obtained for total Mn levels were higher than 0.093 ± 0.002 mg L −1 for hand dug wells and 0.099 ± 0.002 mg L −1 for boreholes [16] . It is also higher than 0.139-0.339 mg L −1 levels recorded for groundwater of Ile-Ife [64] . The high Mn concentration could also be from weathering of bedrock minerals of the wells. Excessive exposure to Mn and its compounds especially oxides could lead to central nervous system disorder, permanent neurological crippling disorder of the extra pyramidal system similar to Parkinson's diseases [65] .
The values for Ni (wet season) follow the order: free metal ions (0.43 ± 0.14 µg mL −1 ) > bound to organic substances (0.31 ± 0.14 µg mL −1 ) > suspended particles (0.28 ± 0.12 µg mL −1 ). The values of the metal revealed that most of Ni metal resided in the free metal ions. In the dry season, the value of the metal in the fraction is in the order: suspended particles (0.66 ± 0.17 µg mL −1 ) > bound to organic substances (0.62 ± 0.24 µg mL −1 ) > free metal ions (0.62 ± 0.24 µg mL −1 ). The levels of Ni in all the fractions in dry season are generally higher than the values obtained in the wet season. The differences in the two sampling periods may be explained based on some meteorological conditions. For example, the summer weather combined effects of increased evaporation and decreased rainfall may lead to higher metal concentrations as reported by Tekin-Ozan and Kir [66] and Duman and Kar [67] . Moreso, the decreased in the wet season as opposed to dry season might be due to rainfall effects which increase the lixiviation process and contribute to the dilution of heavy metals during the wet season [68] . The level of Ni in the water samples in all sites in this study are generally higher than the maximum limit of 0.02 mg L −1 set by the World Health Organization and United States Environmental protection agency [44, 69] , but within the range 0.40-13.20 µg mL −1 of Ni reported by Husam et al. [37] in groundwater of south west, Palestine. Short-term exposure to Ni in human being is not known to cause any health problems but long-term exposure can cause decreased body weight, heat, liver damage and skin irritation [70] . The carcinogenic action of nickel carbonyl on rat had been reported [71] .
The values for Pb (wet season) follow the order: bound to organic substances (0.33 ± 0.29 µg mL −1 ) > free metal ions (0.32 ± 0.10 µg mL −1 ) > suspended particles (0.30 ± 0.11 µg mL −1 ). The dry season follows the order: bound to organic substances (0.45 ± 0.16 µg mL −1 ) > free metal ions (0.44 ± 0.16 µg mL −1 ) > suspended particles (0.42 ± 0.14 µg mL −1 ). The results showed that there is abundance of Pb in bound to organic substances fraction than in free metal ions and suspended particles fractions for both the wet and dry seasons. The availability of Pb in organic fraction may be attributed to high retention capability of organic matters like humic and fulvic materials. The results of total lead concentrations 0.96 µg mL −1 (wet season) and 1.31 µg mL −1 (dry season) in the groundwater (Supplementary Table 5 ) were considerably lower than 4.01 ± 0.82 µg mL −1 and 2.40 ± 0.33 µg mL −1 Pb levels reported for groundwater in Ife North [16] and Lagos, respectively [72] . The WHO and EPA maximum allowable level of Pb in drinking water are 0.01 mg L −1 [49] and 0.05 mg L −1 [57] . Comparing the Pb levels obtained with the set standards, it is noticeable that the water samples in all the sampling sites had Pb levels in excess of the set limit. This could result from Pb leaching from composite bedrock formations or anthropogenic Pb inputs from contaminated sites leaching and sinking into the wells.
The toxicity of Pb even at low concentration makes it one of the most insidious of all environmental hazards. There is no level below which exposure is harmless [73] . On human, Pb has both physiological and neurological effects [74] ; exposure to Pb can result in a wide range of biological effects depending on the level and duration of exposure. Pb can damage the kidney, liver and reproductive system, basic cellular processes and brain functions [75] .
The levels of Zn metal in the fractions in wet season are: Zn in free metal ions, (0.65 ± 0.08 µg mL −1 ) > Zn in suspended particles (0.54 ± 0.14 µg mL −1 ) > Zn bound to organic substances (0.52 ± 0.22 µg mL −1 ). In the dry season, the levels of Zn are: Zn in free metal ions (1.07 ± 0.15) > Zn bound to inorganic substance (0.94 ± 0.22 µg mL −1 ) > Zn in suspended particles (0.90 ± 0.19 µg mL −1 ). The Zn in free metal ion has the highest overall mean value suggesting that it is most available in free metal ion fraction than the other fractions and could easily be taken by the plants and animals benefiting from the groundwater. The seasonal variation also showed that the level of Zn in dry season (2.89 ± 0.56 µg mL −1 ) was higher than the level of Zn in wet season (1.71 ± 0.45 µg mL −1 ). The result obtained in the present study is higher than 0.030 mg L −1 and 0.045-0.350 mg L −1 of Zn in borehole and wells in Makurdi metropolis reported by Nsi and Ogori [76] . Furthermore, the Zn values obtained in this study are higher compared to 0.04 µg mL −1 in groundwater at Ojota area in Lagos [72] .The values of Zn obtained from the groundwater samples were higher than 0.5 mg L −1 required limit by EPA [57] but were below 3.0 mg L −1 set by WHO [49] . Zinc is an essential element for life processes of various enzymes [77] . Elevated Zn can lead to acrodermatitis enterohepatic, a familiar disease characterized by skin eruption and gastrointestinal disorder. Excessive Zn symptoms include; nausea, dizziness, gastric ulcers, muscle pain, impairment of immune function, dehydration, poor muscle coordination, fatigue, increased blood pressure level of insulin-like growth and testosterone [78] .
Analysis of Variance and Correlation of Heavy Metals in Wet and Dry Seasons
One-way parametric analysis of variance (ANOVA) was used to compare the levels of heavy metals in wet and dry seasons and the result is presented in Tables 5 and 6. and Zn (0.43). This implies that there is significant difference in the levels of As, Cd, Pb, Cu and Mn in the water samples for the dry season period while there is no significant difference in ground water concentrations of Ni, Cr and Zn during the dry season period.
Supplementary Table 9 presents the correlation coefficients of metals during the dry season. Correlations were obtained between Pb and As at 0.67, Cu and As at 0.52, Mn and As at 0.76, Mn and Cu at 0.56, Zn and Cu at 0.73 and Zn and Mn at 0.54. Correlations signify that each paired metal have common sources. This is an indication that there is an association or interaction of these metals in the study area. Strong correlation between variables may be an occurrence of dependence of both variables on the same causal factor [79] . Negative correlation such as − 0.63, − 0.60, and − 0.61 etc. were found between Ni and As, Cu and Ni and Mn and Ni, respectively implying that there was substitution between the paired element in the dry season. The interactions among the metals in the wet season are shown in Supplementary .83 which implies that each paired metals have common contamination sources. This is an indication that there was an association or interaction of these metals in the study area. Low correlation indicates no significant interaction with each corresponding metal. .37, 6.87, 5.86, 18.64 for dry season, respectively and are greater than 1. Thus, the HQ of the metals was greater than unity (1) which indicates that they pose a health risk. For Zn, the calculated HQ for wet and dry seasons are 0.32 and 0.55 (less than 1), which makes Zn a no-risk metal in water from the study area and also pose low level of ecological risk [80] .
Health Risk Index
Cluster Analysis of Heavy Metals in the Ground Water (Wet and Dry Seasons)
The cluster analysis of the heavy metals in the ground water (wet and dry seasons) is presented in Fig. 4a, b . In both seasons, it showed that relationship existed among Cr, Zn, Cu, Ni, Mn, Pb and As which means that the presence of these metals might have been contributed from the same anthropogenic activities that occur around the sampling wells. The presence of Cd on its own without clustering implies that Cd might be from another sources.
Conclusion
This study was carried out to determine the physical parameters, microbial properties and heavy metals speciation of groundwater in Moro, Edunabon, Yakoyo and Ipetumodu area of Ife north local government Area of Osun State. The physical parameters determined in the groundwater revealed that the values recorded for pH, temperature, electrical conductivity and total dissolved solids were within the limits stipulated by national and international regulatory bodies for drinking and domestic waters. However, the total coliform counts of the water samples from all the sampling sites exceeded the recommended standard by EPA and WHO for usable water.
It was also revealed that the wells were contaminated with some notable bacteria including Escherichia coli, Yersinra spp, Enterbacter spp, Citrobacter spp, Seirantia spp, Klebsiella spp and Rhebralla spp. A three-stage extraction procedure was employed to fractionate heavy metals in the groundwater samples to different specie/phase forms including metals in suspended particles, metals bound to humic substances and the free metal ions. The groundwater samples were contaminated with As, Pb, Cd, Cr, Ni, Mn, Cu and Zn in the different species forms and the levels recorded were above the recommended limit in drinking and domestic water by regulatory bodies. The levels of metal in the fractions were higher for dry season than wet season. Most of the metals were found in the free metal ions form than the other species form, suggesting that they would be readily available for uptake by plants and animals when the groundwater is used for domestic or agricultural purposes. The study concluded that the groundwater from the studied area needed some treatments to eliminate harmful micro-organisms and reduce or some cases remove the level of some identified metals that may pose health risks to masses using the water for drinking and other domestic purposes. 
